Adipose tissue has been studied using biochemical and histological techniques and there is abundant data concerning lipid metabolism. However, as the studies of new fat cell formation and the cell kinetics of adipose cells in adipose tissue are more difficult, despite a variety of experimental approaches, only a limited amount of useful information is available (1, 2) . A method which could determine more precisely adipose cell size and number in adipose tissue was introduced by HIRSCH and GALLIAN (3) in 1968, and led to gradual clarification of the development of adipose tissue in human obesity and animals (4) . An increase in adipose cell size was found in all the obese subjects studied (5, 6) . The total number of adipose cells was higher in children who had become obese by the age of 1 year and in adults who dated their obesity from childhood (7) . These studies of adipose tissue indicate that the adipose cell is mainly produced in fetal and early postnatal life. Thereafter, the development of adipose tissue is due to the enlargement of adipose cells by the deposit of fat in these cells. The final adipose cell number can be influenced, but only early in life. In adult mammals, adipose tissue was considered to be stable with regard to total cell number regardless of various circumstances, although recent studies revealed perirenal adipose cell proliferation to be continued until 419 middle age in the rat (8) . However, it is still uncertain whether the replacement of adipose cells exists in the adult mammal.
This investigation was performed in an effort to obtain information with special reference to the renewal of adipose cells in adult animals. In this report, adult mice were returned to their original nutritional status from a state of induced malnutrition by feeding with an ordinary diet. During their refeeding stage, the renewal of adipose cells was examined by tritiated thymidine (3H-TdR) autoradiography. 
MATERIALS AND METHODS

Seven
RESULTS
Adult male mice, weighing 37.3-39.8g (mean weight 38.5g), were reduced to 19.2-20.3g (mean weight 19.5g) after 30 days of malnutrition with 12% glucose electrolyte solution, as shown in Fig. 1 . The reduction of body weight was calculated to be 47% of that before treatment. The appearance of the mice, which were kept for 30 days under malnutrition, was anemic and their movement was markedly decreased. All adipose tissue was markedly atrophied and subcutaneous and mesenteric adipose tissues were hardly recognizable grossly (Fig. 2) . The weight of both epididymal fat pads was 0.15g. On the other hand, the mean weight of the epididymal fat pads of the control mice was 1.15g (Fig. 3) . Microscopically, adipose cells were much reduced in size in the adipose tissues (Fig. 4A,B) . In the majority of adipose cells, the lipid droplet in the cytoplasm was very small or had disappeared. The nuclei were round and centrally situated. A few nuclei were pyknotic (Fig. 4C) On refeeding with a normal diet, the body weights of the malnourished mice returned to their previous levels after 13 days. In addition, the appearance and movement of the mice completely recovered. All adipose tissues were similar to that of the control grossly and the mean weight of the epididymal fat pads was 1.18g (Fig. 5) . Microscopically, all adipose cells once again had incorporated a single large droplet of lipid in the cytoplasm. The cell size had almost recovered (Fig. 6A) . The nucleus was displaced to one side by the accumulated lipid. The microscopic findings of the adipose tissue were indistinguishable from those of the control mice.
Autoradiographic examination revealed that many of the adipose cells and fi broblasts were heavily labeled (Fig. 6B) . Labeling index (number of labeled cells/number of total cells) in the adipose cells was 82% in subcutaneous adipose tissue on the abdominal wall, 78% in epididymal adipose tissue and 87% in mesenteric adipose tissue. Labeling index in the fibroblasts and mesenchymal cells surrounding the blood vessels was 100% and endothelial cells of the blood vessels which consisted of the connective tissue of adipose tissue was 52%.
DISCUSSION
Investigations of adipose cell kinetics in adult animals have been performed in brown fat. CAMERON and SMITH (9) and HUNT and HUNT (10) certified autoradio graphically that in brown fat adipose cells proliferated in adult rats after exposure to cold. However, there are few reports in adult animals concerning the cell proliferation of white fat (1,2), which comprises the majority of adipose tissue in primates and is closely related to energy metabolism. As the cell renewal of the adipose tissue in adult animals would be very slow if it does exist, it is difficult to study its cellular kinetics by autoradiographic techniques. As CAMERON and SMITH (9) and HUNT and HUNT (10) investigated the cellular kinetics of brown fat after cold exposure, it seems reasonable to investigate the cellular kinetics of white fat after nutritional deprivation. In this investigation, mice were studied under extreme malnutrition. This extreme condition enabled the proliferation of white fat cells in adult mice to be clearly observed using 3H-TdR autoradiography. As a result of the extreme malnutrition induced in this experiment, adipose tissue decreased markedly in the emaciated mice. After refeeding with a regular diet for 13 days, the body weight recovered to previous levels. Adipose tissues also completely recovered under gross examination. The weight of epididymal fat pads which was 1.15g in the control mice, decreased to 0.15g (14% of the control) in the malnourished mouse. After refeeding, these epididymal fat pads increased to a mean weight of 1.18g. Microscopically, the adipose cells, which were scattered and very small in size in the malnutritional state, recovered after refeeding to the size of the control cells. In autoradiographic examination of the recovered adipose tissue, 78-87% (80% in mean) of adipose cells had incorporated 3H-TdR in their nuclei. Tritiated TdR was injected cumulatively every 6hr. This was scheduled to label all cells which proliferated during the refeeding stage, as the DNA synthesizing phase in mammalian cells is 7-8hr (11) . In this experiment, about 20% of adipose cells were not labeled although all proliferating cells should be labeled by the cumulative injection of 3H-TdR during the refeeding stage. These non-labeled adipose cells were thought to remain throughout the experiment.
It is generally considered that the number of adipose cells in fat depots remains constant during the adult life in mammals. Recent studies revealed that the number of adipose cells in perirenal or retroperitoneal adipose depots increased in adult rats spontaneously or by feeding a high-fat diet (8, 12) . However, it was also found that the number of adipose cells in epididymal fat pads remained constant in their experiments.
In this experiment, labeled adipose cells were those cells that proliferated during the refeeding stage. The labeling indices of subcutaneous, mesenteric and epididymal adipose cells were nearly equal. The weight of epididymal fat pads decreased markedly after 30 days of malnutrition and recovered almost completely after 13 days of refeeding. Adipose cells which were much reduced in size after malnutrition also recovered after refeeding. There seemed to be no difference between the control group and the refed mice with respect to adipose tissue, though the number of adipose cells was not determined in this experiment. Our investigation concluded that about 80% of adipose cells diminished during malnutrition and that the same number of adipose cells proliferated during the refeeding stage. Thus, the adipose tissue proved to be an actively proliferating and altering tissue under varying nutritional conditions. Y. KASUBUCHI,M.
MIND, H. YOSHIOKA, and T. KUSUNOKI
The precursor cell of the new fat cells that were produced in our experiment remains unclear. Precursor cells of adipose cells, preadipocytes or undifferentiated mesenchymal cells, were considered to be situated in the stroma of adipose tissue, which resembles fibroblasts morphologically (13) (14) (15) . Fibroblasts or fibroblast-like cells (mesenchymal cells) in adipose tissue were labeled 100%. As precursor cells of adipose cells should be labeled, the precursor cells might be included amongst the fi broblasts in our experiment.
